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(54) Titre: COPOLYMERES DESTINES A L'ELECTROPHORESE CAPILLAIRE EN GEL 



(57) Abstract 

This invention relates to an electrophoresis separation medium having a gel matrix of at least one random, linear copolymer 
comprising a primary comonomer and at least one secondary comonomer. The primary comonomer is an acryiamide or an 
acrylamide derivative that provides the primary physical, chemical, and sieving properties of the gel matrix. The at least one 
secondary comonomer imparts an inherent physical, chemical, or sieving property to the copolymer chain. The desired properties 
incorporated by the secondary comonomer are hydro philicity, hydro phobicity, copolymer chain stiffness, stability of copolymer 
entanglement structure resistance to hydrolysis, processivity of copolymer chain extension, gel matrix viscosity, affinity of 
the copolymer to the surface of a supporting substrate, chirality, or a mixture thereof. The gel matrix has a viscosity of 
between about 1,500 to about 20,000 Cp, and between about 100,000 to 5,000,000 Daltons. 

(57) Abrege 

La presente invention concerne un milieu de separation par electrophorese comprenant une matrice de gel constitute d'au moins 
un copolymere lineaire aleatoire comprenant un comonomere primaire et au moins un comonomere secondaire. Le comonomere 
primaire est un acrylamide ou un derive d'acrylamide qui confere a la matrice de gel les proprietes pnmaires physiques, 
chimiques et de cribiage. Le ou les comonomeres secondaires conferent a la chaine de copolymere les propnetes intrinseques 
physiques chimiques et de cribiage. Les proprietes desirees conferees par le comonomere secondaire sont I'hydrophilicite, 
Thydrophobicite la raideur de la chaine de copolymere, la stabilite de la structure d'enchevetrement du copolymere, la 
resistance a I'hydrolyse, I'aptitude au traitement de I'allongement de la chaine du copolymere, la viscosite de la matrice de gel 
I'affinite du copolymere a la surface d'un substrat porteur, ia chiralite ou un melange de ces proprietes. La matrice de gel 
presente une viscosite comprise entre environ 1500 et environ 20 000 Cp et les copolymers lineaires aleatoires ont des poids 
moleculaires compris entre environ 100 000 et 5 000 000 Daltons. 
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(54) Title: COPOLYMERS FOR CAPILLARY GEL ELECTROPHORESIS 
(57) Abstract 

This invention relates to an electrophoresis separation medium having a gel matrix of at least one random, linear copolymer comprising 
a primary comonomer and at least one secondary comonomer. The primary comonomer is an acrylamide or an acrylamide derivative 
that provides the primary physical, chemical, and sieving properties of the gel matrix. The at least one secondary comonomer imparts an 
inherent physical, chemical, or sieving property to the copolymer chain. The desired properties incorporated by the secondary comonomer are 
hydrophilicity, hydrophobicity, copolymer chain stiffness, stability of copolymer entanglement structure, resistance to hydrolysis, processivity 
of copolymer chain extension, gel matrix viscosity, affinity of the copolymer to the surface of a supporting substrate, chirality, or a mixture 
thereof. The gel matrix has a viscosity of between about 1,500 to about 20,000 Cp, and between about 100,000 to 5,000,000 Daltons. 
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COPOLYMERS FOR CAPILLARY GEL ELECTROPHORESIS 

RELATED APPLICATIONS 
The present application claims priority to U.S. Provisional Patent Application No. 
60/115,588, filed January 12, 1999. 

TECHNICAL FIELD 
This invention relates to an electrophoresis separation medium that can be 
flexibly optimized by combining multiple required features into one polymeric gel matrix 
via random ^polymerization of selected multiple monomers. 

BACKGROUND OF THE INVENTION 
The movement of a molecule with a net charge in an electric field is known 
as electrophoresis. Electrophoresis is a powerful means of separating biological molecules 
such as proteins, peptides, oligonucleotides, RNA and DNA. The velocity of migration (v) 
of a molecule in an electric field depends on the electric field strength (E) t the net charge of 
the protein (z), and the frictional coefficient (/), as shown in the equation: 




Two primary separating mechanisms exist: (i) separations based on 
differences in the effective charge of the analytes, and (ii) separations based on molecular 
size. Separations based on differences in the effective charge are usually limited to low or 
moderate molecular weight molecules since high molecular weight molecules have effective 
charges that are similar, making it difficult to separate them. Separations based on 
molecular size are generally referred to as molecular sieving and arc conducted using gel 
matrices that have controlled pore sizes. In these separating systems, if the effective 
charges of the analytes are the same, the separation results from differences in the abilities 
of the different sized molecular species to penetrate through the gel matrix. Smaller 
molecules move more quickly relative to larger ones through a gel of a given pore size. 
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In theory, separation of different proteins could be achieved readily in free 
solutionprovided that the molecules differed sufficiently in their charge densities In 

during elect^resiscanc^^^ 
A^sult.bandbroaden^^ 
electrophoresis in free solution is rarely practiced. 

Various support media are used to minimize convection and diffuse, such 

^paperorcellulosea^ 

J Lax porous materials are relatively inert, serve mainly for support and to n— 
convection, and Ration of proteins is based lareely on the charge density of the protcms 

at a specific pH. 

Starch, agarose and polyacrylamide gels arc the preferred media for 
eonducting electrophone separations. These gels not only minimize convection and 
diffusion, but also actively participate in the separation process. More specifically, these 

1S ma ,erialsp ro videarestrictivem^^^ A 
* . ^p^ononthebasisofbothchargedensityandmolecularsize. Polyacrylamide-based 

characteristic, ^ have mgh resolution capabiUties. However, polya^ 

have high viscosity, may form air bubbles that affect separation, have a short shelf hfe, are 

30 

20 neurotoxic, and are cumbersome to prepare- 

Electrophoresis may be carried out using slab gels, which typically run 
several samples in parallel lanes. Large samples of DNA are required, and detection of the 
DNA typically occurs after the elcctrophoretic separation is complete. Advantages of this 
technique include the ease of post-separation sample collection, the ability to compare 
25 results of multiple samples on the same gel. and the ability to separate large amounts of 
DNA However, slab gel electrophoresis can be labor-intensive and slow. 
40 Alternatively, capillary electrophoresis (CE) permits rapid, high resonmon 

separation of molecules. CB typically involves the separation of charged molecules in a 
a^ow capillary with on-line detection by either absorbance or laser-induced fluorescence. 
3 o Typically. CE employs fused silica capillary tubes whose inner diameters are between 50 
nucronsto200microns,ar 1 dhavclength S rangingfromlOcmtolOOcmormore. These 

capillaries can he coated , typically with polyacrylamide. or left uncoated. The coatmg 

- 2 - 

50 



55 



WO 00/42423 PCT/USOO/00793 

prevent* electroendoosmotic flow, a phenomenon which frequently occurs in 

elcctrophorcticsep*^ ^ 
phenomenon^bufcflowofihe^ 

Thebulk flow impairs the separationof solutes since it causes mobilization of a U solutes at 
5 .con^onrateaspartofthesolutioninwhiehtheyaredissolvoi. This effectively shortens 
the path of travel attributable to electrophoresis, and thereby lessens thedegrceof 
eleotrophoretic separation for a column of a given length. 

Crosslinkedpolymers.suchaspo^ 

10 capillaryanimpracticalmatter. Separation also takes a longer period of hmcusmg 
crosslinked polymers when compared to low viscosity media. 

Linearpolyacrylamide ("LPA") is ahighly effective separation medium that 
has excellent sieving properties due to its entanglement structure. Furthermore, tbe absence 
of crosslink^ in a linear polymer gives it lower viscosity. In order to use LPA in CE, the 
! 5 capillary inner wall must be coated with a hydrophilic polymer to suppress 
« electroendoosmotic flow in order to achieve expected separation performance. Coatmg the 

inner surface of capillary walls to prevent electtoendoosmosis is known. For example. U.S. 
PatentNo. 5.545.302 discloses the suppression of electroendoosmotic flow mCEby the 

. * i t t c p^nt No 5 552 028 discloses the suppression of 
use of ammc-dcrivatized polymers. U.S. Patent No. s t m,u*° ^ 

20 electroendo 0 s m osticflowinCEby«hcuseofN.N--disubstituted orN-monosubsbtuted 
polyacrylamides, whichhave self-coating properties. These amine-derivatized polymers 
were prepared by modifying the functional groups of a preexisting homopolymer to tmpart 
* edesir edself-coatmg<^^^ 

derivatized coating covalently bonded to the inner surface of a microcapillary wall, a thm 
25 layerofahydrophiUcpolymerabsorbedpnthelayerof the coating material, anda 

polyacrylamide gel filling the tuhe. 
40 ' o&erpolymcrs, such as polyethylene oxide), polyCdimcthylaerylamide) 

(U.S. Patent Nos. 5,567.292 and 5.552,028), andpoly(vmylpyrrolidone) (Gao etal. 

Analytical Chcm.. 1998, 70. 1383-1388) are able to suppress electroendoosmotic flow 
30 during DNA separation in uncoated capillaries. However, none ofthese polymers has been 
45 6h0 wn to surpass the performance of linear pofyacrylamide in the aspects of DNA 

sequencing read length and capability of high speed separation at elevated temperature. 



3 - 



50 



55 



WO 00/42423 PCT/USOO/00793 

The use acrylamidc derivatives to synthesize polymeric gel matrices is 
Known (Sassi - cl. Electrophoresis, 1996, 17. 1460; U.S. Patent No. 5,470.916; end 
Lindberg m ai Electrophoresis. 1997, 18. 2909). GclMatrices synthesized from these 
acrylamidc derivatives usually have significant physical, chemical, and electrophone 
10 5 properties from polyacrylamide. 

The use of copolymers in electrophoresis media to enhance performance are 
known. Forexample.U.S.PatentNo. 4,997.537 discloses the use of a copolymer of 
polyacry lamide^^ 

gd electrophoresis. U.S. Patent Nos. 4.948.480 and 5.149.416 disclose gel electrophores* 
XO ^cdiacomposedofa^ier^ 

comonomer that facilitates crosslinking via a crosslink** agent U.S. Patent 5.759.369 
Closes an electrophoresis separation medium composed of a copolymer comammg a 

polymer segments at each end. These copolymers may have one of the followmg 
X5 structures: Q comb or tuft copolymer structure; ii) block copolymer structure; and ui) star 
copolymer structure, but none are random copolymers. Liang m d. (Electrophorests. 1998, 
iP.2447-2453)discusscaplllary electrophoresis using anon-erossUnkedtriblock polymer. 

Despite the great amount of effort which has gone into improving 
conventional elecfrophorerisscpa^^ 
2 0 that incorporate specific properties to overcome general problems associated with 

clectrophoretic separations, and to enhance electrophoresis separation performance m 
various applications. What is also desirable is an electrophoresis gel medium for coated and 
uncoated capillaries that is capable of resolving DNA fragments comprising 500 to 1000 
base pairs. 

25 

SUMMARY OF THE INVENTION 
40 This invention relates to an electrophoresis separation medium having a gel 

matrix of at least one random, linear copolymer comprising a primary comonomer and at 
least one secondary comonomer, wherein the comonomers are randomly distributed along 
30 the copolymer chain. The primary comonomer is an acrylamidc or an acrylanude denvatrve 
45 that provides the primary physical, chemical, and sieving properties of the gel mamx. The 

at least one secondary comonomer imparts an inherent physical, chemical, or sievmg 



50 



55 



WO 00/42423 PCT/USOO/00793 

pro pertytothecopolymer^^^ 

Jo sufficient to induce desired properties that optimize electrophoresis performance. 

The desired properties incorporated by the secondary comonomers are 

5 Element stm^^^^^ 

chirality, or a mixture thereof! 

" Preferably, the ratio of reactivity of the at least one secondary to primary 
eomonomcrisbctwe.naboutO^toabout^.Thegelmatnxgcnexallyhasaviscosltyof 

weights of between about 100,000 to 5,000,000 Daltons. 
20 ' Thcpresentinventionalsorelatestoamethodofpreparmgan 

^phoresis separation medium containing a gel matrix of at least one random, linear 
copolymer comprising contacting a primary and at least one secondary comonomcr in the 
1S presence of a copolymerization initiator in an aqueous medium having a pH of between 
about 5 to about 11 at a temperature Old time sufiicientto copolymer^ the comonomers 

~i™,n- rnntactine the random, linear copolymer in a buffer 
and form a linear, Tandom copolymer. Contacting we i«i 

forms the gel matrix. 

The present invention also relates toacapillary tube filled with the 

20 dectrophoreslsseparaUonm^ 

mixture of biological molecules by placing into a support the electrophoresis separation 
me dium described hercm. addmg the mixture of biological molecules to the elec^^^ 
separation medium at one end of the support; and applying an electric field to the medium 
having a strength sufficient to facilitate the migration and separation of the biological 
25 molecules. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 illustrates the viscosity of acrylamide-co-dimethylacryhmide 
copolymers as a function of the weight fraction of acrylamide (AAm). 

FIGURE 2 illustrates the relative hydrophilicity of acrylairude-co- 
dimethylacrylamide copolymers as a function of the weight fraction of acrylamide (AAm). 

FIGURE 3 is the schematic drawing of a capillary electrophoresis apparatus 
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with laser induced fluorescence detection. 

FIGURE 4 illustrates the #1 color electrophorogram of the eJectrophoTetic 
separation of PGEM/U DNA samples. The # 1 color consists mostly of fluorescence firom 
the G fragments in the DNA sequencing samples. 



DETAILED DESCRIPTION OF THE INVENTION 
This invention relates to gel matrices for use as electrophoresis separation 
media. These gel matrices contain random copolymers that may be synthesized to have 
desired properties to further optimize electrophoresis performance. The prior art does not 

1 o teach the use of random copolymers as sieving components for gel electrophoresis media. 

Furthermore, the prior art does not teach the use of gel electrophoresis media containing 
20 random copolymers that can be strategically synthesized to fine tune its physical, chemical, 

and sieving properties. 

the term "monomer" as used herein is defined as a molecule or compound 
1 5 usually containing carbon, of relatively low molecular weight, and simple structure that is 
25 capable of conversion to polymers by combination with itself or other similar molecules or 

compounds. 

The term '•polymer" as used herein is defined as a macromolecule formed by 
the chemical union of two or more identical monomers. 

2 o The term "copolymer* 1 as used herein is defined as a polymer that is made up 

of more than one dissimilar monomers. 

The expression Random copolymer" as used herein is defined as a 
35 copolymer that is made up of more than one monomer, in which different monomer units 

are distributed along a copolymer chain in no specific pattern. Unless stated otherwise, the 
2 5 term "copolymer" refers to random copolymers. 

The expression "linear copolymer" as used herein is denned as copolymers 
that are not crosslinked. 

The expression "random, linear copolymer" as used herein is defined as a 
copolymer that is made up of more than one monomer, in which different monomer units 
45 3 o are distributed along a copolymer chain in no specific pattern, and the copolymer is not 

crosslinked with other copolymers. 
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The expression "block copolymer" as used herein is defined as a bign 

^lecula^elghtpol^^ 

different homopolymer segment types are linked together. 

The random copolymer is composed of a primary comonomer and at least 
5 oneotherseconda.ycomonomer. The expression "primary comonomer" as usee Ihcreio . 

The expression "secondary comonomer" as used herein u defined as a 

conv momer,omerthanmcprim^^^^ 

the targeted random copolymer being synthesized. 

Theterm-support-asusedhereinisdefinedas.ydevicethatnmcuonsjo 

20 en ekctrophorctically separated sample migrates. 

rao nomer isadded to a growing copolymer chain in the presence of other types of 

15 monomers. . . 

25 ~ Thcrandomcopolymersofmeclaimedmventionarcstevmgcomponents 

by slab gel electrophoresis, capillary electrophoresis, isoelectric focusing, electrophores, 
onmicromachined channels, or capillary electrophoresis onachiptechnolo^. The 
capillaryelectrophoresiscanbeperformedineimercoatedoruncoatedcap^ The 
xandomcopolymersareneutmlorionicandhaslowintrinsicfluore.cence. 

The random copolymers of the claimed invention are strategically 

n.dom copolymers arecomposed of atleast two or more comonomer types. TheraUoof 
comonomers continuously a^^^ 

ofmerandomcopolymer.Thecomonotnersmustbewatersoluble. Typically. there » a 
primary comonomer that gives the random copolymer chamiu primary physical, chenncal 
and sieving propertie, Preferably, the primary comonomer is an acrylamide or a, 
acrylamide derivative where it contains between 3-24 carbon atoms, is saturated or 
unsaturated,andissubstitutedor«nsubstituted Examples of acrylamide den vattves 
include, but axe not limited to. N.K^imelhacrylamide. K^-dimethylmethaerylamrde, N- 
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and methacrylamide. The primary comonomers arc availabie commercially or by sunple 

dcrivatization of monomer units. 

Thesecondarycomonomers are selected for their inherent properties that 

5 ntaybcincorporatedintotheeopolymerchains. These inherent properties include, hut are 
not limited to. one or more of hydrophiheity, hydrophobic^, self coating properUes, 
copolymer chain backbone stifmess, stability of copolymer entanglement structure at 
different temperature and electric fields, resistance to hydrolysis, processivity of copolymer 

cbaioeKtension.gelmatri^ 
xo supportmgsubstmte.suchasacoatmslayexonthcinnerstufaceorexposedbaresuxfa^ 

a ca P illarytubing.andehirahty. The preferred inherent properties of the secondary 
eomonomers are hydrophiheity, hydrophobic, viscosity, and self coating properUes. The 
selection of the secondary comonomers and the ratio of secondary comonomers to pnmary 
comonomer are based on predetennined desired properties of the targeted random 

15 comonomer. 

25 Atlcastonesecondarycomonomermaybecopolymerizedwimtheprunary 

comonomer to form a random copolymer, wherein each comonomer unit is distributed 
rfongthecopolymorchaminnospeeificonler.andthe ratio of the reactivity of the primary 
comonomer to the secondary comonomers is between about 0.3 to about 2. The realty ,s 
20 theprobabmtythatagivenmonomerisaddedtoagrowing-polymerchaininthepresence 

of other types of monomers. Formation of the random copolymers is not limited to the 
copolymerizationof one secondary comonomer with the primary comonomer. More than 
one secondary comonomer may be present in the formation of the random copolymers. 
The present invention is farther realized by forming a gel matrix that contains a 
25 copolymerformedfromafirstcomonomerandatleastasecondcomonomerhavinga 

reactivity of aboutO.3 to about 2. When multiple monomers are utilized, the radoof 
40 reacUvitiesofaHthesecondarycomonomersisbetweenaboutOJtoaboutZ Itis 

presumed that the reactivity is correlated with the chemical structure of the comonomers. 
Thus one can choose suitable secondary comonomers based on chemical structure alone. 
30 In another embodiment, the secondary comonomer or comonomers are vmyl 

m0 nomers, monomers of acrylamide derivatives, monomers of acryloyl derivatives, 
monomersof acrylic acid derivatives and mixtures thereof. Preferably, the secondary 
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comonomers arc vinyl monomers, monomers of acrylic derivatives, movers of 
acryloyl derivatives, monomers of acrylic acid derivatives, monomers of polyoxrdes, 
vomers of polysilanes. monomers of polyethers, monomers of derivatized polyethylene 
glycols, monomers of cellulose compounds, and mixtures thereof, each having between 2- 

preferably, the secondary comonomers are acrylamide. mefhacrylamide. N- 
acryloylmorplu.Une.N-allylacrylamide.N.alrylme^ 
benzylmethacrylamide, N.(iso-butoxymethyl)acrylamide, MUo-butoxymethyl) 
15 me (hacrylamidc,N-(tcrt^^^^^ 

XO cyclokexylacrylamide.N-^^ 
diemylmetb*crylamide,N-(2^^ 

(N N^ime%lamino)propyl]metbacryl a mide. N.N-dimefoylacrylam,dc, N- 
methylmcmacrylamide^^ 
N-ptoytacrytan^ 
diphenylmethacrylamide.W^^ 

dodecyhnemacrylamide > N-(2-hydxoxy P ropyl)acrylamide.N-(2- 
^^^^^ 

N-memylolmethacryUmude.N-propylaciylarmde.N-pm 
30 20 isopropylacrylamide, N-isopropylmethacrylamide. N-bmylacrylamide, N- 

butylmemaerylamide. N-isobutylacrylamide, N-isobutylmethaerylamide. vinyl acetate. 

vinylacetic acid, vinylbcnzyl alcohol, vinylcyclohexanc. N-vinyl formamide, l-vmyl-2- 

pyrrolidinone. vinyl acetonitrilc. vinyl acrylate. vinyl 4-tert-butylbcnzoate. N- 

vinylcaprolactam, vinyl create, vmylcyclopentane. vinyl decanoate. vinyl carbonate, 
2 5 vinyl 2-ethy wcxanoate. 1-vinylimidazole. vinyl methacrylate, 2-vinylnaphthalene. 2- 

vinylpyridine. 4-vinylpyridine. vinyl sulfone, ethylene glycol vinyl ether. l.S-hexaned.ol 
40 vinyl ether, N-vmytphthalimide. vinyl pivalate, l-vmyl-2-pyrrolidinone. vinyl 

trinuo ro a W tatc.and4,4^yudeneb^^^ 

The random copolymers are synthesized by copolymerlzation of 

30 oomonomersnsmgmemodologyweUtao^ 
45 prefer red method of copolymer synthesis is free-radical solution polymerizatum. Any free 

radical initiator well known to those of ordinary sldll in the art may be used, includmg. but 
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not limited to. peroxy compounds, azoalkanes. photochemical hemolysis, biradicals. tin 
hydrides, alkyl amines, and heat Preferably, the free radical initiator is a peroxy 
compound, an azoalkane, or alkylamine. 

Typical polymerization initiators known to those of ordinary skill intheart 
10 5 canbeusedinthepresentinvention. For instance, these initiators may be capable of 

generating free radicals. Suitable polymerization initiators include both thermal and 
photoinitiators. Suitable thermal initiators include, but are not limited to, ammomum 
persulfate /tetramethylethylcnc diamine. 2,2--azobis-(2-amidino propane) hydrochlonde, 
potassium persulfate/dimethylaminopropionitrile. 2,2'-azobisf l sobut y r 0 ni t rile).4,4<-a Z ob,s- 
(4-cyanovaleric acid), and benzoylperoxide. Preferred thermal initiators are ammomum 
persulfate/ tetramethyethylcncdiamine and 2 J 2--azobisisobutyronitrile C'AJB*"). Suitable 
photoinitiators include, but are not limited to. isopropylthioxantone. 2-(2'-hydroxy-5'- 
methylphenyDbenzotriazole. 2.2'-dihydroxy-4-methoxyben Z ophenonc, and uboflavm 
When using the combination of persulfate and tertiary amine, the persulfate is preferably 
, . added prior to the addition of the non-aqueous medium, since persulfate is much more 
* solublo in wa ter than in non-aqueous dispersing media. More preferably, the free radical 

m UiatorisN.N.N\N--tetramemyleu.yleae-diamine ("TEMED"), or AIBN. 

Other methods of synthesizing the copolymers of the present invention are 
described in Goetzinger, W, m a!.. Electrophoresis, 1998, 1 9. 242-249 (inverse emulsion 
20 polvmeriz.tion); and Sassi. A.. Electrophoresis. ,996. 17. 1460-1469 (suspension 

polymerization and precipitation polymerization). 

In the present invention, the copolymerization process is done in the absence 

35 of crosslinking agents, to form linear, non-crosslinked copolymers. All copolymers are 

dissolved in the samebulk solution prior to copolymerization and each comonomer unit 
25 alongmesynmerizedchainisdistributedmarandomfashion. There are no well-defined 
blocks Of comonomer nnitsasaresultofthe random distribution. However, the placement 

40 0 f e ach comonomer unit along the chain results in a uniform distribution of each 

comonomer unit The copolymeris a linear random copolymer having molecular weights 
of between about 100.000 to 5.000,000 Daltons. Typically, the copolymerization process as 

45 30 doneattemperaturesbetweenaboutO-CtoaboutSO'C. Preferably, the copolymerization 

processisdoneattemperaturesbeWeenabout5-Ctoabout40-C.Morepmferably.the 

copolymerization process is done at temperatures between about 15'C to 30"C. 
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The copolymerization process is carried out in the presence of an inert 
atmosphere and in the absence of oxygen, which may be facilitated by freeze-thaw, vacuum 
degassine, gas purging by bubbling the reaction solution, or other methods known to those 
ofordinary skill in the art. Typical gases that may be used include, but are not limited to. 
W 5 heliuni , argon, and nitrogen. Vacuum degassing or helium gas purging are the preferred 

methods of removing oxygen content. Typically, vacuum degassing was applied for about 
30 minutes to 2 hours, and helium gas purging was done for about 1.5 hours to about 3 
hours. 

The method of preparing the gel matrices for electrophoresis may be done by 
dispersing pre-polymerized linear random copolymers of mis invention in a given volume 
of aqueous medium, and mixing thoroughly by suitable means, e.g., vortexing, gentle 
shaking, or mechanical stirring. Typically, the matrix is allowed sit for 3 to 24 hours after 
mixing to insnrecompletedissolutionofthematerial. Preferably, the matrix is allowed to 
sit for 5 to 15 hours, and more preferably 10 to 12 hours. The pre-polymerized linear 
r^dom copolymers may be formed by polymerizing the comonomers in either aqueous 
25 buffer „ water using methodology well known to those of ordinary skill in the art, and 

filtering to yield the isolated product. The pre-polymerized linear random copolymers may 
also be isolated by extraction methods known to those of ordinary skiU in the art, and 
subsequent removal of the solvent. 

In another embodiment, the method of preparing gel matrices for 
electrophoresis involves controlling chemical, physical and sieving properties by the 
judicial selection of specific primary and secondary comonomers, and careful control of the 
35 comonomer ratios and reaction conditions. 

In another embodiment, the method of preparing the gel matrices for 
25 electrophoresis involves copolymerization of desired amounts of the comonomers in a 
aqueous solution having a pH between about 5 to about 1 1 at a sufficient temperature, 
40 pressure and time to yield a gel matrix that is ready for use in electrophoresis separations. 

When the aqueous solution is water, the pH is preferably between about 5 to about 8. When 
the aqueous solution is a buffer, the pH is preferably between about 7 to about 9. The 
buffer solutions of the present invention Include aqueous solutions, organic solutions, or 
mixtures thereof. Selection and incorporation of a suitable buiTer is well known to those of 
ordinary skill in the art and is dependent upon the materials to be separated by the 
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dectrcphoresisprocessb^^ 

buffers .hat may be selected and are commonly used axe described, for example, m Andreas 
CbxambacV^ePrac^^ 

Beach FL, (1985), and U.K.. Laernmli, Nature. 227:680, (1970). Preferred buffer systems 
5 arc tris(hydroxymethyl) aminomelhane aris^oratc/cthylenediarrdnc.etraaceUc actd 
( «,a)TA'0,Tris/acetate^^ 

Other additives in the buffer may also be present, such asformamidc or urea. More 
preferably, the buffer is a Tris/borate/EDTA. formamide solution or a Tris/borate/EDTA. 

' 5 urea buffer soluuon.Typiwlly.mea^^^ 

10 about 3 M to about 10 M, Tris concentrations are between about 50 mM to about 150 mM, 
and EDTA concentrations are between about 0.1 mM to 100 mM. Preferably, me urea 
concentrations in these buffer solutions are between about 5 Mto about 8 M, the Tns 
concentrations are between about 70 mM to about 120 mM. and the EDTA concentrations 
arc between about 0.5 mM to 20 mM. More preferably, the urea concentrations m these 
15 buffer solutions are between about 6 M to about 7 M. the Tris concentrations are between 

25 abo ut80rnMtoaboutlOOmM,andtheEDTAconcentra,ionsarcbctwcenaboutlmMto 

about 5 mM. 

The concentration of the random copolymers in the gel matrix is any 
quantity which provides retention times in electrophorctic separations of the sample 

30 2 o molecu les such that effective separation on the basis of molecular size and/or charge is 

achieved. This concentration will vary with respect to the parameters of the scparaUon 
system, including, for example, the column configuration and length; the effect of other 
factors influencing the separation, such as charge and electrophoretic mobility; the 

35 mole cularstmcture;intrinsic^^ 

2 s the range of and differences between the molecular weights of the sample molecules. 

Typically, the concentration of the random copolymers in the gel matrix is from about 0.01 
40 to about 10.0 weightpercent. Preferably, the concentration of the random copolymers in 

thegelma t rixisfromabout2toabout5weight P ereent. More preferably, the concentration 
ofthe random copolymers in the gel matrix is from about 3 to about 4 weight percent. 

3 o The secondary comonomer can be selected to impart viscosity properties Into 
45 ^ a copolymer chain. In the copolymer, the ratio of secondary comonomer with inherent 

viscosity properties to primary comonomer is any ratio that results in the desired viscosity 
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ofthe gel matrix. The control of viscosity is an important property that affects many 
aspects of gel electrophoresis. For example, high viscosities in gel matrices oflen make « 

thcflexib.eoptmtizauonof^ 
5 cnablesea^mimgaadflushmgofcapillarytubes. This allows the user to eas.ly change 

gradients when temperature or electric fleld changes in the system occur. These grades 

causepoor resolution and separation performance. Furthermore, low viscosities causes gel 

10 matrices in non-horizontal capillaries to flow downwards due to gravitational forces. 

thereby causing poor separation of biological molecules. 
2Q ' Theviscositiesoftherandomcopolymergclmatricesweremeasuredbythe 

Daugherty, J. B . Franzini, and E. J. Finnermore. "Fluid Mechanics with Engineenng 
X5 Applications ," 8* edition. McGraw-Hill, Inc., p. 401, 1985). Typically, the viscosities of 
40 gel matrices is between about 10 to about 100,000 C P , preferably, between about 500 to 
about 50.000 Cp, and mom preferably between about 1500 to about 20,000 Cp. 

The secondary comonomcr can be selected to impart hydrophihcity into a 
copolymer chain. In the copolymer, the ratio of secondary comonomer with inherent 
20 hydmphilidty to primary comonom 

ofthegelmatrix. One advantage ofcontrolling the hydrophiUcity of a gel matrons to 
ensure DNA, protein, and peptide solubility, which subsequently facilitates high levels of 
35 separ ation performance, including complete resolution of the components in a sample. 

reproducibility, and accuracy. 
25 * Thesecondarycomonomercanbeselectedtolmpartselfcoatingpropertics 

mm a copolymer chain. In the copolymer, the ratio of secondary comonomer with inherent 
40 S elf coating properties to primary comonomer is any ratio that results in the destred self 

coating properties of the gel matrix. One advantage ofcontrolling self coating propert.es ,s 
Usuppresseselcctroendoosmoticflowwhen using uncoatcd capillaries for electrophone 

30 separations 

The present invention also relates to a capillary tube filled with an 
electrophoresis separation medium comprising a gel matrix of at least one random, linear 
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copo^ecopol^ 

lb ^ W i.-^'»^ tei- " ita ' PWie,,h 

5 secondary comonomer imparts an inherent physical, chemical, or sieving properly to the 
copolymer chain, and the ratio of reactivity of the at least one secondary to pnmary 
comonomer is between about 0.3 to about 2. The primary and secondary comonomers are 
present in a ratio sufficient to induce desired properties that optimise electrophores.s 
performance. The desired properties incorporated by the secondary comonomers are 

xo hydrophilidty.hydxophob^^ 
Element stnrcture.^is^^ 

gem.atrixviscosity.affinity oftte copolymer to the surface of a supporting subs^c 

about 20,000 Cp. and the linear random copolymers have molecular weights of between 

IS about 100,000 to 5,000,000 Daltons. 

Thisinventionalsorelatestoamelhodofseparatingbiologicalmolecules. 

for example, proteins, nucleic acids, peptides, and the like, by electrophoretically passing 
these molecules through a gel matrix containing the random copolymers of the present 
invention. These steps include placing a gel matrix of random, linear copolymers m a 
20 support, adding the mixture of biological molecules to the electrophoretic separate 

m edium at one end of the support, and applying an electric field to the medium havmg a 
strength sufficient to facilitate the migration and separation of the biological molecules. 
The support has two spaced apart regions having a path in .hich a voltage differenUal may 
be applied to cause samples to migrate within the gel matrix. Preferably, the separatum of 
25 biologicalmolecdesisdon^ 

slab gel electrophoresis, capillary electrophoresis, isoelectric focusing, electrophorests on 
micromachincd channels, or capillary electrophoresis on a chip technology. 

Separations were typically carried out using an electric field strength 
sufficient to facilitate migration and separation of biological molecules. The electric field 
30 was generatedusing a power supply configured* apply a voltage differential at two spaced 
apart regions ofasupported gel matrix. Preferably, the electric field Strength is between 
about 50 V/cm and about 300 V/cm. More preferably, the electric field strength is between 
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about 100 V/cm and about 200 V/cm. Most preferably, the electric field strength is between 

5 about 125 V/cm and about 175 V/cm. 

In one embodiment, the support is a mold for slab gels. The mold has a 
cavity to accommodate the gel matrix of the present invention in slab form. This 
5 embodiment encompasses the use of all commonly used molds which hold electrophorests 
media for use in slab gel electrophoresis. 

In another embodiment, the support is a capillary tube. Any capillary havmg 
sufficient length, inner diameter, and outer diameter to facilitate electrophoretic separations 
15 ofbiologicalmoleculesmaybeused.ThecapiQariesmaybecomposedofanymert 

10 material.andpreferably.capillarieaarefused-siUcacapiUa.ies. Typical capillaries are those 
having internal diameters of less than about 200 urn. outer diameters of between about 100 
and 500 urn, and lengths of between about 10 cm to ISO cm. Preferably, the capillar.es 
have internal diameters of between about 25 um and 150 urn, outer diameters of between 
about 200 and 400 um. and lengths of between about 30 cm to 11 0 cm. More preferably. 

15 the capillaries have internal diameters of between about 50 um and 100 pm, outer diameters 
25 of between about 250 and 365 pm, and lengths ofbetween about 55 an to 80 cm. 

In another embodiment, the support is a micromachined channel. In 
particular, this support comprises etched grooves on an inert surface, such as silica or 
silicon, and the grooves contain the gel matrices of the present invention. Furthermore, the 

30 20 BtaoMchfarfd^ 

molecules. 

An advantage of the present invention is the flexible optimization of the 
chemical, physical, and sieving properties by the careful selection of the comonomers and 
35 ^os of comonomers. Depending on the needs of a particular separation, a gel matnxmay 

25 bepreparcd using random linear copolymers of me present invention mat have desired 

properties to enable effective separations of biological molecules. For example, separate 
40 ^guncoatedwpillariesinevitablyleadtoelectroendoosmosis.wheremegelmatrix 

migrates within the capillary tube. As a consequence, separation of biological molecules .s 
not efficient, accurate or reproducible. The use of a gel matrix containing random 
30 copolymerswithselfcoatingprnperuesallowsmegelmatrixtoadsorbonto 

45 capillary tube, thereby suppressing electroendoosmotic flow. 
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5 The invention is further denned by reference to the following examples. 

describing to detail the preparation of the eompound and toe compositions of the present 
invention, as well as their utility. It will be apparent to those of ordinary skill in the art that 
^modifications, both to materials and methods, may be practiced without deparhng 

10 s from the purpose and interest of this invention. 
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EXAMPLE I: Preparation of 5.0% DMA + 0.5% AA Gel Matrix. 

lxTBE, 6 M buffer was prepared by dissolving 89 millimoles (mM) of 
20 ^(hydroxymethyDaminomethane (Tris). 2 mM emylenediaminetetraacetic acid (EDTA), 

ond 6 moles of urea to 1 L of deionized water. 50 mL lxTBE, 6 M urea buffer was 
transferred to a 250 mL PYKEX bottle. 5.0 g dimethyl acrylamide (DMA) and 0.5 g 
IB sodium acrylate(NaAA) were weighed and added to the buffer solution. The final volume 
25 ^sbroughtuptolOOrnLwithadditionalbuffersolution. The solution was degassed for 

30minutesinadesiecator chamber withitsoutlet connected toadiaphragm vacuum pump. 
After degassing. 25 uL of N .N,N\N^tetramethylemylenemamine (TEMED) and 25 uL of 
40% (v/v) ammonium persulfate (ASP) were added to the solution. The bottle was capped, 
and the polymerization was carried out at room temperature for 12 hours. 
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EXAMPLE 2: Preparation of 3.5% AAm and 1.5% DMA Gel Matrix. 

lxTBE, 7 M buffer was prepared by dissolving 89 mM of Tris. 2 mM 
EDTA,and7molesofureato 1 L of deionized water. 19 mL of lxTBE, 7 M urea buffer 

trol sf e rredtoa20mLscintillationvial. 0.30 g of DMA and 0.70 g acrylamide (AAm) 
were weighed and added to the buffer solution. Helium was bubbled into the solution at 10 
40 psi for 1 hour. After degassing, 25 uL of TEMED and 25 uL of 40 % (v/v) ASP were 

added to the solution. The bottle was capped, and the polymerization was carried out at 
room temperature for 12 hours. . 
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EXAMPLE 3: Preparation of 2.5% AAm and 2.5% DMA Gel Matrix. 
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IxTBE 7 M buffer was prepared by dissolving 89 roM of Tris, 2 mM 
EDTA, and 7 moles of urea to 1 L of deionized water. 19 mL of IxTBE, 7 M urea buffer 
wastransfenedtoalOmLscintiUationvial. 0.50 g of DMA and 0.50 g AAm were 
weighed and added to the buffer solution Helium was bubbled into the solution at 1 0 psi 
5 forlhour. An e rde gaSS ing.25 (l LofTEMEDand25,Lof40-/.( V /v)A S Pw e r e addedto 
the solution. The bottle was capped, and the polymerization was carried out at room 
temperature for 12 hours. 

'5 EXAMPLE 4: Preparation of 4.5% AAm and 0.5% DMA Gel Matrix. 

10 IxTBE, 7 M buffer was prepared by dissolving 89 mM of Tris. 2 mM 

EDTA. and 7 moles of nrea to 1 L of deionized water. 19 mL of IxTBE, 7 M urea buffer 
W astr a nsferredtoa20mLscintillationvial. 0.90 g of AAm and 0.l0g DMA were 
20 weis hed and added to the buffer solution. Helium was bubbled into the solution at 1 0 ps, 

for 1 hour. After degassing, 25 jiL ofTEMED and 25 pL of 40 % (v/v) ASP were added to 
15 isolation. Thebottlewascapped.andthepolymerizationwascamedoutatroom 

25 temperature for 12 hours, 

EXAMPLE 5: Preparation of 3.0 % AAm + 1.0 % DMA + 0.06 % AA Gel Matrix. 
2 0 IxTBE, 7 M buffer was prepared by dissolving 89 mM of Tris, 2 mM 

30 EDTA, and 7 moles of urea to 1 L of deionized water. 50 mL of IxTBE, 7 M urea buffer 

transferred ,o a 2S0mLPYREX bottle. 3.0 g of AAm, 1 .0 g DMA and 0.06 g NaAA 
ghed and added to the buffer solution. The final volume was brought up to 100 
BiL with additional buffer. Helium was bubbled into the solution at 10 psi for 1 hour. After 
degassing, 25 pL ofTEMED and 25 pL of 40 % (v/v) ASP were added to the solution. The 
bottle was capped, and me polymerization was carried out at room temperature for 12hours. 
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«> EXAMPLE 6: Preparation of 3.0 % AAm +1.0 % DMA + 0.06 % AA Gel Matrix. 

IxTBE, 3.S M buffer was prepared by dissolving 89 mM of Tris, 2 mM 
EDTA, and 7 moles of urea to 1 L of deionized water. 50 mL of IxTris, 3.5 M urea buffer 
was transferred to a 250 mL PYREX bottle. 3.0 g of AAm, 1.0 g DMA and 0.06 g NaAA 
were weighed and added to the buffer solution. The final volume was brought up to 100 
mL with additional buffer. Helium was bubbled into the solution at 10 psi for 1 hoar. After 
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degassing, 25 uL of TEMED and 25 uL of 40 % (v/v) ASP were added to the solution. The 
bottle was capped, and the polymerization was carried out at room temperature for 1 2 hours. 

wamptt 7- Viscosity Measurement gel matrices containing 5% of the random 

Figure 1 shows the measured viscosities of gel matrices containing 5% of the 
random copolymer. poly(aerylamide) I -co-(N ( N^unethylacrylamide),, in water as a 
function of weight fraction of acrylamide ("AMI"). The viscosity measurement was done 

15 10 by using the falling-ball method. The weight fractions of AAM to the total weight of 

monomers, AAM, and^N-dimethylacrylamide ("DMA") were varied in me series of 
copolymers such that the total monomer concentration stays at a constant 5%. Viscosity 
measurements were taken at a temperature of 22'C. The viscosity of the polymer solution 

20 canbetmedinmerangeofmorethanthreeordersofmagnimde. The plot in Figure 1 

15 clearly shows that the effect of increasing the ratio of AAM causes an increase in the 
viscosity of the gel. 



EXAMPLE 8: Hydrophilicity Measurements. 

Hydrophilicities of monomers have been measured with the partition 
2 o coefficients between water and n-octanol after vigorous stirring. Upon equilibration, the 
monomer quantity of the aqueous phase was weighed after the water was evaporated. The 
partition coefficients of the monomers. AAM. and DMA in aqueous phase are 0.80 and^ 
0.50, respectively. As shown in Figure 2, the DMA polymer (weight fraction of AAM= 0, 
relative hydrophilicity = 0.5 a.u.) has a hydrophilicity less than that of AAM polymer 
25 (wei g htfractionofAAM=l,relativehydrophmcity = 2a.u.). The hydrophilicities were 
studied by the same method. The gel containing 5 % poly(acrylamide) x -co-(N,N- 
dimethylacrylamide),.. in which different ratios of AAM and DMA were used, was 
synthesized in water. The resulting copolymer was diluted to 1 %, and then an appropriate 
amount of n-octanol was added to make a 3:7 n-octaiol/water ratio by volume. The 
30 resulting copolymer solution was vigorously stirred at 600 rpm for two hours. The solution 
W as then allowed to sit at ambient conditions for another two honrs to separate the organic 
phase from the aqueous phase, and the organic phase was collected. A reference sample of 
water and n-octanol with the same volume, in the absence of polymer, were treated with the 
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; procedures as the 1 % copolymer in 3:7 n-octanol/water. The volume loss of n- 
octanol, defined as the volume difference between the reference sample and copolymer 
samples, shows the volume of n-octanol that has been taken up by the copolymers. The 
reduced volume loss of n-octanol indicates that polymer is more hydrophilic. Figure 2 
10 s shows a plot of the ratio of copolymer weight (g) to the n-octanol volume loss (mL), which 

represents the relative hydrophilicity of the copolymers. It is clear from this plot that an 
increase in the weight fraction of AAM increases the hydrophilicity of the gel 



15 EXAMPLE 9: The Separation of PGEM/U DNA Sequencing Samples using (3.5 % DMA 

10 Th5% AAm) Copolymer Gel in Uncoated and Coated >iFC Capillaries. 

PGEM/U DNA sequencing samples were separated using (3.5 % DMA + 1.5 
Vo AAm) Copolymer Gel in Uncoated and Coated uFC Capillaries. 

A. Preparation of Electrophoretic gels. 
The (3.5 % DMA + 1.5 % AAm) Copolymer Gel was prepared by the 

1 5 following procedure: 

19 mL IxTBE, 7 M urea buffer was transferred to a 250 mL PYREX bottle. 
0.7 g dimethyl acrylamide (DMA) and 0.3 g acryiarnide (AAm) were weighed and added to 
the buffer solution. The solution was bubbled with helium for 60 minutes atiOpsi. After 
purging, 5 uL of N^N^^tetramethylethylenemainine (TEMED) and 5 uL of 40% (v/v) 
30 20 ammonium pcrsulfate (ASP) were added to the solution. The bottle was capped, and the 

polymerization was carried out at room temperature for 12 hours. 

B. Capillary Electrophoresis Apparatus. 
Separations of the DNA samples were carried out using a capillary 

electrophoresis apparatus equipped with a laser induced fluorescence detector. Figure 3 is 

2 5 a schematic drawing of the capillary electrophoresis apparatus, showing a polycarbonate 

board that provides the mounting base for the other components, including the capillary 

array, detection window mount, high pressure fitting, and electrode boards holding 

individual electrodes for each capillary. 

The fused-silica capillaries are typically 55-80 cm in length, with a 75 um 

3 o inner diameter and 200-365 um outer diameter. The capillary array consisting of 2-96 
45 capillaries is arranged in a flat ribbon format. At a distance of about 20 cm from one end 

of the capillary array, the polyimide coating of the capillaries is stripped off by hot wire 
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5 heating to create a 1.5 to 2 cm wide translucent window for laser excitation and 

fluorescence tight collection. 

The detector module is mounted above the translucent window to 
simultaneously monitor all the capillaries. An incoming laser beam perpendicular to the 
10 5 dra wing plane intersects with all the capillaries and excites fluorescence from the 

bypassing fluorophore samples migrating within the capillaries. 

Gel filling of the capillaries is done by connecting the capillaries to a gel 
filling tube, and applying a nitrogen or helium gas pressure of between 100 to 500 psi for 5 
15 t o 60 minutes, depending on the gel viscosity. For capillary flushing, the end of the 

1 o capillaries are connected to an HPLC pump and are typically flushed at 500 to 1000 psi 

with an aqueous 0.2 % polyvinylpyrrolidone) solution for 30 to 60 minutes after each run. 

An array of 4 to 16 capillaries were used. Uncoated capillaries were 
purchased from Polymicro Technologies, and coated nFC capillaries were purchased from 
J&W Scientific. 
15 C. DNA Samples. 

25 The DNA sequencing samples were PGEM/U samples prepared with the 

BIGDYE terminator sequencing kit (PetJdn-Elmer, Applied Biosystems Division, Foster 
City. CA). The samples were purified with spin columns and dried under vacuum. Prior to 
electrophoresis, the sample was resuspended in 5 pL of formamide and 25 mM EDTA 

30 20 ^denaturing solution. The sample was heated at 95»C for 2 minutes and chilled on ice 

prior to electrokinetic injection into the capillary. Typically, the sample was injected in an 
environment having a 75 V/cm electric field with a duration of 40-60 seconds. All 

35 separations were performed using a 150 V/cm electric field. 

25 D. PGEM/U Separations using (3.5 % DMA + 1.5 % AAm) Copolymer Gel in 
Uncoated and Coated pFC Capillaries. 

Uncoated and coated capillaries were filled with (3.5 % DMA + 1.5 % 
AAm) Copolymer Gel according to the methods described above. Figure 4A shows the 
30 separation of PGEM/U in the coated capillary, and Figure 4B shows the separation of 

PGEM/U in the uncoated capillary. The pFC coating of the coated capillaries function to 
45 suppress electroendoosmotic flow. The retention times of the 210-213 peaks in both 

separations are nearly identical (cn. 3300 frame numbers in Figure 4A, and ca. 3360 frame 
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numbe«inFigure4B). This suggest Chat the copolymer gel effectively suppresses 
clectrocndoosmotic flow by adsorbing onto the silica surface of «he uncoated captilary 
tube. 
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THE CLAIMS 



What is claimed is: 

, Anclectrophorcsisscparadonmcdiumcompnsing.gelnutnxofat 

5 lca st one random. Imearcopol^ 
^^comonon^wherem^^^ 

polymer chain, wherein me primary comonomer is an acryiamidc or an acrylam.de 
denvanveandtheatleastcnesecondarycomonome.c^oncfromthercup 

consistmgofvmylmonomer^^ 
10 deri vativcs,monomemof^^ 

polysilanes.monomers of pollers, monomers of derivatized polyethylene glycol, 

^nomersofceUulose^^^ 
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2. 



The electrophoresis separation medium of claim 1, wherein the 



primary comonomer is acrylamide and the at least one secondary comonomer » 
dimethylacrylamide. 



3 The electrophoresis separation medium of claim 1 . wherein the ra«o 
20 ofreactivityofUteatleastonesecondarycomonomertosaidprimarycomonomeru 

between 03 and 2.0. 

4. The electrophoresis separation medium of claim 1, wherein said gel 
matrix further comprises abuffer having a pH between 5 and 11. 

5 . Theelectrophoresisseparationmediumofclaim 1, wherein said gel 
40 mata ix has a viscosity between 100 and 50,000 Cp. 

6 Theelectrophoresiaseparationmedium of claim 1, wherein said at 
30 ^av^w^i^**^^^ 1 ^* 5 ^ 



Daltons. 
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7 The method of claim 1 , wherein said at least one secondary 
comonomerimpartsoncormoreo^^ 

^tancetohydro,ysi,p^^ 
s af nniryofmec^olymcrto*es^ 

8 Amethod ofpreparing an electrophoresis separation medimn 
comprisingagelmatrixofat least one random, linear copolymer comprising a primary 
JLomerandatleastonese^ 

10 distributed alon^^^ 

an acty umide derivative andtheatleast one secondary .monomer compnses one from 

" . _««f»^rv1icflcid derivatives, monomers of polyoxiaes, 

ofacryloyl derivatives, monomers of acryhc acta aenva 

25 carbon atoms, said method comprising 

contactingsaidprimaryandthe at least one secondary comonomers tn the presence 

ofacopolymerizatbn^^ 

tcmp erature and time sufficient to copolymcrize the comonomers and form a huear. 
20 random copolymer, and contacting said linear, random copolymer with a buffer. 

9 The method of claim 8, wherein the primary comonomer is 
acrylamide and the at least one secondary comonomer is dimethylaerylamide. 

25 10 . The method of claim 8. wherein the ratio of reactivity of the at least 

onesecondary comonomer to saidprimary comonomer isbetweenO.3 and 2.0. 

40 

11. The method of claim 8, wherein said gel matrix further comprises a 
buffer having a pH between 5 and 11. 



45 
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12. Themethod of claim 8, wherein said gel matrix has a viscosity 
between 100 and 50,000 Cp. 
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13 The method of claim 8, wherein said at least one linear random 
copolymer has a molecular weight between 100,000 and 5.000.000 Daltons. 

14. A capillary tube filled with an electrophoresis separation medium 

10 5 compminggelmatrixofatle^^ 

comonomer and at least one secondary comonomer. wherein the comonomers are randomly 
dlsuibuted along the copolymer chain, wherein the primary comonomer is an acrylanudc or 
m acrylamide derivative and the at least one secondary comonomer comprises one from 
15 the group consisting of vinyl monomers, monomers of acrylamide derivatives, monomers 

10 of acryloyl derivatives, monomers of acrylic acid derivatives, monomers of polyoxides. 
m0 nomers of polysilanes. monomers of polyethers. monomer, of derivatized polyethylene 
glyC ols. monomers of cellulose compounds, or mixtures thereof, each havingbetween 2-24 
carbon atoms. 

15 15 . The capillary tube of claim 14, wherein the primary comonomer is 

25 D acrylamide and the at least one secondary comonomer is dimethylacrylamide. 

16. The capillary tube of claim 14, wherein the ratio of reactivity of the 
at least one secondary comonomer to said primary comonomer is between 0.3 and 2.0. 
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17. The capillary tube of claim 14, wherein said gel matrix further 
comprises abuffer having apH between 5 and 11. 

18. The capillary tube of claim 14, wherein said gel matrix has a 
2 5 viscosity between 100 and 50,000 Cp. 

40 19. The capillary tube of claim 14, wherein said at least one linear 

random copolymer laas a molecular weight between 100,000 and 5,000,000 Daltons. 
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20. A method of separating a mixture of biological molecules within an 
electrophoretic separation medium comprising: 
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a) placing into a support a gel matrix of at least one random, linear 
5 copolymer comprising a primary comonomer and at least one secondary comonomer. 

wherein the comonomers are randomly distributed along the copolymer chain, wherein the 
primary comonomer is an acrylamide or an aciylamide derivative and the at least one 
,0 5 seconda ry comonomer comprises one from the group consisting of vinyl monomers, 

monomers of acrylamide derivatives, monomers of acryloyl derivatives, monomers of 
acrylic acid derivatives, monomers of polyoxides, monomers of polysilanes, monomers of 
polyemers. monomers of derivatized polyethylene glycols, monomersof cellulose 

compounds, or mixtures thereof, each having between 2-24 carbon atoms. 

b) adding the mixture of biological molecules to the electrophoretic 

separation medium at one end of the support; and 

c) applying an electric field to the medium in an amount sufficient to . 
facilitate the migration and separation of the biological molecules. 
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15 21 . The method according to claim 20. wherein the primary comonomer 

25 is acrylamide and the at least one secondary comonomer is dimcthykcrylamidc. 

22. The method according to claim 20. wherein the ratio of reactivity of 
the at least one secondary comonomer to said primary comonomer is between 0.3 and 2. 



20 



23. The method according to claim 20, wherein said gel matrix further 
comprises a buffer having a pH between 5 and 1 1 . 

24. The method according to claim 20, wherein said gel matrix has a 
2 S viscosity between 100 and 50,000 Cp. 

40 25. The method according to claim 20, wherein said at least one linear 

random copolymer has a molecular weight between 100,000 and 5,000,000 Daltons. 
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